A number of biological markers have been implicated in late life depression with inconsistent results. The present study examined the relationship between several serum based biomarkers and symptoms of depression in a sample of elderly women with AD or cognitively intact. Methods 171 females (58 with AD and 113 cognitively intact) were recruited from the Longitudinal Research Cohort of the Texas Alzheimer's Research and Consortium (TARC). Stepwise regressions were conducted with GDS total and subscales and a panel of biomarkers (CRP, IL-10, IL-1α, TNF-α, ICAM-1, BDNF, and MIF). ApoE4 status was coded (carrier or non-carrier), and the results were analyzed by cognitive status (AD or controls). Results: None of the biomarkers significantly predicted total GDS score for AD cases, controls or sample as a whole. For the Controls, ICAM significantly predicted Dysphoria and level of Apathy. Among AD patients, MIF, ICAM, and CRP, were significantly associated with Apathy. MIF and ICAM were inversely associated with reported Apathy. CRP was positively associated with Apathy. CRP was also positively related to level of perceived Cognitive Impairment. Conclusions: The present study was one of the first to examine biomarkers related to depression symptoms in elderly women with AD and normal controls. For Controls ICAM alone predicted level of apathy. In the AD group, MIF, CRP, and ICAM were significantly associated with apathy. More research examining the relationship between biomarkers and depression is needed in older patients with and without cognitive impairment across genders.
Introduction
Depression is a debilitating condition and is more prevalent among women than men. Lifetime prevalence rates have been reported as high as 43% in prospective studies [1] . Late-life depression is responsible for reduced quality of life and increased mortality among the elderly [2] . The exact etiology for depression remains unknown, however, research focusing on women has evaluated fundamental differences in endocrine changes across the menstrual cycle. The cyclic fluctuations across the reproductive cycle have profound influence on a women's mood [3, 4] . As such, increased levels of progesterone have been associated with increased symptoms of depression. Also in women, reduced levels of serotonin [5] and estrogen [6] have demonstrable affects on symptoms of depression. In older women, other etiologies have been proposed including menopause [7] and cerebrovascular system disturbances [8] , particularly for symptoms of apathy.
Biological constituents have a significant role in depression, particularly in women, hence the increased interests in the relationship between late-life depression and biomarkers in older women. It is speculated that a high level of inflammatory cytokines, resulting from systematic, low-grade inflammation, is linked to experiences of depression in elderly women. A number of potential biomarkers have been identified in the literature [9] : IL-6, [10] ; IL-10 [11, 12] ; IL-1 [13] ; C-reactive protein (CRP) [14] ; tumor necrosis factor (TNF-α) [15] ; and Macrophage migration inhibitory factor (MIF) [16, 17] . Additionally, brain-derived neurotropic factor (BDNF) is known to have a role in depression. Although the exact causality remains unclear [18, 19] , BDNF has been found to be related to the expression of depression in mild AD patients [20] . Intercellular Adhesion Molecule-1 (ICAM-1) has been more frequently associated with depressive symp-toms in vascular models of late-life depression [21] [22] [23] . Apolipoprotein E (ApoE ε4 allele) status has also been associated with level of cognitive impairment in elderly patients [24] with affective states being related to cognition only among non-carriers of the ApoE4 allele [25] . While current research on biomarkers in late-life depression has implicated several potential markers, the relationship between specific markers and specific depressive symptoms has not been investigated.
A number of biomarkers for late-life depression have been implicated in control and patient samples, but results remain inconsistent. Studies have been limited to evaluating depression in either AD or cognitively intact elders; however the examination of markers for late life depression in both normal controls and AD patients are lacking. Most significantly, prior studies have focused on relationships between cerebrospinal fluid or serum biomarkers and depression in elderly women without attention to subtypes or sub-classification of symptoms. Past research in our laboratory has demonstrated significant value in the use of individual symptom subscales along with global depression scores [26, 27] and the importance of gender in understanding the presentation of depressive symptoms and related biological features [28] in the elderly.
The current study addresses these limitations by 1) evaluating both cognitively intact elderly and patients with mild AD, 2) assessing both global depression scores and subscale scores in each group, 3) identifying markers that are associated with level of cognitive function and depressive symptoms.
Methods

Sample
The sample was drawn from the women enrolled in the Longitudinal Research Cohort of the Texas Alzheimer's Research Consortium (TARC) that had complete serum biomarker and depression data. In order to control for disease severity only those women with a Clinical Dementia Rating scale global score of ≤1.0 were included in the sample. The final sample consisted of 171 female, 58 meeting the diagnostic criteria for mild AD and 113 assessed as cognitively intact (normal controls; NC). The methodology of the TARC project has been described in detail elsewhere [29] . Briefly, TARC is a longitudinal multi-site study of a cohort of AD patients and normal controls where each participant undergoes an annual evaluation that includes a medical examination, interview, neuropsychological testing, and blood draw. AD patients met consensus based diagnosis for probable AD based on NINCDS-ADRDA criteria. Normal controls scored within normal limits on neuropsychological testing and had a global CDR of 0.
Normal controls were on average 67.69 years of age (SD = 12.07) and the AD sample had a mean of 79.25 (SD = 7.50). The control sample had an average of 14.72 (3.348) years of education and the AD sample 13.15 (3.932) years. There was a significant difference on both age (p = 0.001) and education (p = 0.001) with the AD sample being both older and less educated. The majority of participants were Caucasian (98%) with black or African American (1.5%) the next largest group. The TARC project received Institutional Review Board approval and all participants and/or caregivers provided written informed consent.
Assessment
The Geriatric Depression Scale (GDS 30) was administered as part of the TARC neuropsychology core battery. In addition to the GDS, the battery consists of common instruments administered as part of the established Alzheimer's disease clinical/research platforms at each participating institution and includes digit span (WAIS-R, WAIS-III, WMS-R), Trail Making Test, WMS Logical Memory and Visual Reproduction (WMS-R and WMS-III), Boston Naming Test (30-and 60-item versions), verbal fluency (FAS), Clock Drawing Test, the American National Adult Reading Test (AMNART), Mini-Mental State Examination (MMSE), and ratings on the Clinical Dementia Rating scale (CDR).
Description of Subscales on the Geriatric Depression Scale
The Geriatric Depression Scale (GDS-30) [30] was the first depression scale designed specifically for older populations and has been widely used primarily as a screening instrument in clinical and research settings. A recent factor analytic study [31] identified a four-factor solution underlying the scale: dysphoria; meaninglessness; apathy; and cognitive impairment. The dysphoria factor contains 11 items primarily associated with a sad mood. The meaninglessness factor consists of seven items that reflect an appraisal of the meaning (or lack thereof) in one's life. The apathy factor is made up of six items that reflect a lack of motivation or initiative. The cognitive impairment factor consists of six items that reflect difficulty and concern with cognitive processes. The utility of the subscales has been shown in studies relating them to cognitive functioning in AD and normal elderly [26] and to cognitive functioning in a non-demented rural multi-ethnic sample [32] .
and stored at -80˚C in plastic vials. Batched specimens from either baseline or year-one follow-up exams were sent frozen to Rules Based Medicine (RBM, www.rules basedmedicine.com, Austin, TX) where they were thawed for assay without additional freeze-thaw cycles using the RBM multiplexed immunoassay human Multi-Analyte Profile (humanMAP). Individual proteins were quantified with immunoassays on colored microspheres. Information regarding the least detectable dose (LDD), interrun coefficient of variation, dynamic range, overall spiked standard recovery, and cross-reactivity with other humanMAP analytes can be readily obtained from RBM. IL-6 levels were measured, but were below the detectable range and were not included in the analysis.
Data Analysis
Analyses of the data were performed using SPSS version 17.0. For total GDS score and each of the four GDS subscale scores One-way ANOVA compared cognitively intact and AD females ( Table 1) . Stepwise regression modeling was used to evaluate the link between total GDS score and each subscale (dysphoria, apathy, meaninglessness, and cognitive impairment) and the biomarker panel by level of cognitive impairment (AD or cognitively intact). Items on the GDS 30 were scored (0 = absence and 1 = presence of symptom) and then added for composite subscale scores. Independent variables for the regression analysis included biomarkers (CRP, IL-10, IL-1α, TNF-α, ICAM-1, BDNF, and MIF). Means and standard deviations for the normalized biomarkers for each group are shown in Table 2 . ApoE4 status was coded (carrier or non-carrier). Covariates were age and years of formal education. Significance level was set at 0.05.
Results
The results of the regression analysis for the entire sample regardless of cognitive status revealed that CRP was associated with level of apathy, (t = -2.973, p < 0.003; R 2 = 0.050). No other biomarkers were significantly related to the depression variables. Cases and controls were then analyzed separately. For the NC sample (Table 3) , ICAM emerged as a significant predictor of level of Dysphoria (t = 2.343, p < 0.021; R 2 = 0.047) and level of Apathy (t = 2.592, p < 0.011; R 2 = 0.057). Among AD patients, ( Table 4 ) MIF, ICAM, and CRP, were significantly associated with the Apathy. MIF and ICAM were inversely associated with reported Apathy while CRP has a positive relationship with level of Apathy. CRP was also positively related to level of perceived Cognitive Impairment (t = 2.383, p = 0.021; R 2 = 0.092). The addition of TNF-α to CRP produced a regression equation that accounted for over 20% of the variance in the level of perceived Cognitive Impairment.
Discussion
While the current study is not the first to examine the relationship between serum-based biomarkers and symptoms of depression in cognitively normal and AD females, it is the first to examine sub-classifications of depressive symptoms. Irrespective of level of cognitive impairment, high levels of CRP predicted apathy in older women. Prior studies have reported similar findings. Bremmer et al. [10] found higher levels of CRP were associated with increased Center for Epidemiological Studies-Depression Scale (CES-D) scores, but that these effects diminished when authors statistical accounted for age and chronic disease status. Results from another mixed gender study, not accounting for level of cognitive impairment, suggested similar results for CRP [33] . Our findings provide similar results, when level of cognitive functioning is not accounted taken into account. AD n = 58; NS = no significant biomarkers; Dys = dysphoria; Mgl = meaninglessness; CI = cognitive impairment; Conf Int = confidence Interval.
When level of cognitive functioning was considered, ICAM was the only significant predictor of depressive symptoms in cognitively intact females. ICAM has been associated in previous research with apathy, particularly among patients with vascular disturbances [21] [22] [23] . The current results suggest that ICAM levels may be useful for predicting depressive symptoms in cognitively intact females. Other research from our group suggests that this association does not hold in a sample of cognitively intact elderly males.
While ICAM alone predicted level of apathy among NC group, MIF and CRP along with ICAM were significantly associated with apathy among mild AD patients. Current finding suggests that the levels of MIF and ICAM are negatively related to level of apathy. While other biomarkers such as ICAM have been linked with symptoms of apathy, MIF has not been useful in predicting apathy in the past. In fact, in a mixed sample report, with a small sample size of (n = 18 patients and 38 normal controls), Lee et al. [16] found that MIF did not contribute any variance in predicting late-life depression .While the role of MIF is unknown in the disease progression of patients with AD and late-life depression, it has been implicated in depression in a recent animal study [17] , suggesting that MIF is inversely related to depression. Our findings suggest that increased MIF levels are negatively associated with depressive symptoms in human females. It is important to note that MIF levels have also been associated with risk for AD [34] which could account for the finding of a relationship between MIF and depressive symptoms in AD females. However, there was no significant difference between AD and NC women on MIF levels (F = 1.842, p = 0.172) suggesting that the relationship is not due to disease status alone.
CRP was positively associated with apathy in AD females. The addition of CRP to MIF and ICAM accounts for 25.6% of the variance in the model. CRP was also significantly associated with perceived levels of cognitive impairment among the AD group. The addition of TNF-α accounted for 20.3% of the total variance. In a mixed gender sample study, TNF-α was positively associated depressive symptoms in healthy elderly men and women [15] . However, the current finding suggested a negative association in AD female patients. Current differences may be attributable, at least partly, to effects of mixed gender analysis, which may have diluted significance findings. In addition, methodological differences are also attributable to differences in prior findings.
Limitations to the current study include small and uneven sample sizes. Efforts to replicate the current findings are important for the understanding the role of biomarkers in late-life depression among cognitively impaired and unimpaired elders. Interpretations of current findings should take into consideration its cross-sectional nature and its relatively small sample of individuals with a higher level of depressive symptoms. The overall level of depressive symptoms was low and the small number of patients with at least mild depression reflects a sampling bias in the TARC cohort where individuals with high initial levels of depression were excluded from the study. The current study did not use diagnostic criteria to determine the presence of depressive symptoms but rather relied on scores for a measure of depression. It may well be that individuals with higher levels of symptoms or a Major Depressive Disorder may present with a distinct biomarker profile. Another limitation is the absence of IL-6 in the current analysis. While some studies have suggested the significance of IL-6, findings have not been consistent. The application of these scales to a cognitively normal sample may be a limitation although our previous research on cognitively intact elderly using the subscales has shown their utility in describing the relationship of depressive symptom clusters to neuropsychological performance.
The TARC sample is relatively well educated, urban and predominately Caucasian. Among the characteristics of the sample, the AD group was both significantly older and less well educated than the NC. Although both variables were co-varied and did not affect the results, it would be valuable for future research to have a better range of these variables and a better representation of minority populations.
The current study is also unique in that it evaluated across cognitively intact and AD patients. The present research advocates for the importance of continuing to explore inflammatory processes in older patients with and without cognitive impairment across gender. Current data also suggest the value of using subscales rather than global depression scores alone as outcome measures. Despite it limitations, the present study is the first to specifically examine the relationship between females, cognitive status, clusters of depressive symptoms and biomarkers. Additional efforts are warranted in this research area to utilize biomarkers to more accurately predict late-life depression among males and females with varying cognitive capacities and varying levels of depression.
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